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INTRODUCTION
Providing dry diets to piglets during lactation or creep feeding is a management practice that presents opportunities for improving weaning weights and postweaning pig performance (Close and Cole, 2000) . Recent studies in which piglets were categorized into eaters and noneaters of creep feed have provided some new insights on the value of creep feeding (Bruininx et al., 2002; Kuller et al., 2004 Kuller et al., , 2007 Sulabo et al., 2008a) . These studies have consistently shown that only a certain proportion of pigs within the litter consume creep feed and that eaters (i.e., piglets in the litter that positively consumed creep feed) have better initial postweaning feed intake and growth performance than non-eaters (i.e., piglets that did not consume creep feed). Increasing the proportion of individual pigs consuming creep feed within litters may elicit positive effects on nursery performance. Therefore, it is important to identify factors that may create more eaters of creep feed in whole litters.
It is hypothesized that the duration of creep feeding may be an important factor in increasing the proportion of eaters. Some recommend starting creep feeding as early as 7 d of age (Gadd, 2005) , whereas others have creep fed to as short as 2 d duration (Kuller et al., 2004) . However, evidence of the effects of longer duration of creep feeding is limited. It is also not known whether providing creep feed for longer durations will increase the proportion of eaters or affect preweaning performance. Therefore, objectives were to determine 1) the effects of varying durations of creep feeding on the proportion of piglets consuming creep feed and preweaning performance (Exp. 1) and 2) differences in postweaning growth performance between pigs that were classified as eaters and non-eaters of creep feed (Exp. 2).
MATERIALS AND METHODS
All animal procedures were reviewed and approved by the Kansas State University Institutional Animal Care and Use Committee.
Exp. 1
A total of 54 sows (PIC Line 1050, Hendersonville, TN) and their litters were used in this study conducted at the Kansas State University Swine Research and Teaching Center farrowing facilities. Sows used in this experiment were from 2 batches of sows farrowed in April and May 2007; 27 experimental sows were included from each batch. Sows were blocked according to parity and date of farrowing and allotted to 3 experimental treatments in a randomized complete block design. Cross-fostering was performed within 48 h postfarrowing to standardize litter weights (15.4 ± 0.5 kg) and litter size (>12 pigs). The sow or litter was the experimental unit, and there were 18 replicates per treatment group.
The 3 experimental treatments were 3 different durations of creep feeding. Creep feeding was initiated at d 7, 14, and 18 from birth for treatments 1, 2, and 3, respectively. These corresponded to durations of 13, 6, and 2 d of creep feeding. In a previous study (Sulabo et al., 2008a) , litters were provided the same creep feed for 18 d. Creep feeding for durations of 13, 6, and 2 d will provide multiple time points in a 21-d lactation to assess the effect of duration. A creep diet (3,495 kcal of ME/kg, 1.56% standardized ileal digestible Lys; Table  1 ) with 1.0% chromium oxide was offered ad libitum until weaning. Chromium oxide served as an inert, colored fecal marker to identify individual pigs that consumed and did not consume creep feed. The creep diet was in pellet form (2-mm pellets). A rotary creep feeder with a hopper (Rotecna Mini Hopper Pan, Rotecna SA, Agramunt, Spain) was used and placed in the middle of the side of the farrowing crate opposite to the heat lamp. The feeder has a 6-L capacity hopper, which is adjustable to 5 different feeder gap settings. The feeder gap was checked daily to ensure for ad libitum feed consumption and to minimize feed wastage. A single lactation diet (3,503 kcal of ME/kg, 0.97% standardized ileal digestible Lys) was used in the experiment. Sows were allowed free access to feed throughout lactation.
Water was available at all times for both sows and their litters in nipple and bowl drinkers, respectively.
Piglets were weighed individually at d 0 (birth), 7, 14, 18, and 20 (weaning) . Preweaning mortality was calculated from d 2 of lactation until weaning (d 20) . Creep feeders were weighed daily. Daily creep feed consumption per litter was computed as the difference in feeder weights between consecutive days. Our previous research on creep feeder design (Sulabo et al., 2008b) and this study showed that proper feeder management and the design of this specific feeder allowed none to minimal feed wastage. Individual piglets were catego- Creep feeding duration for piglets rized into eaters and non-eaters of creep feed by using procedures adapted from Barnett et al. (1989) and Bruininx et al. (2002) . All piglets were evaluated for consumption category on d 14, 18, and 20 for treatment 1, d 18 and 20 for treatment 2, and d 20 for treatment 3 by examining fecal material for the presence of green color provided by the chromium oxide marker in the creep diet. Sampling was performed twice on each day of collection. On the morning of each evaluation day, a fecal swab was obtained from each piglet, and the piglet was categorized as an eater if green color was visible from at least one of any of the fecal samples. Piglets without evidence of creep feed consumption were resampled after 9 to 12 h. Piglets were categorized as noneaters when no green color was detected in any of the collected samples.
Sows were weighed after farrowing and at weaning. Weekly feed intake of sows was recorded to calculate total feed intake and ADFI. Two sows from treatment 3 were removed from the test because of death of the sow. General health of the sows and piglets was checked daily, and use of medication was monitored. Temperature in the farrowing facility was maintained at a minimum of 20°C, and supplementary heat was provided to the piglets with heat lamps when needed.
Exp. 2
A total of 273 piglets (average initial BW 5.74 kg and 20 ± 2 d) were weaned from 1 of the 2 farrowing groups used in Exp. 1. Pigs were housed in the Kansas State University Swine Teaching and Research Center nursery facility. Because all of the pigs weaned were used, the number of pens per treatment and the number of pigs per pen depended on the total number of eaters and non-eaters weaned and the number of pens available in the nursery facility. The nursery had a total of 43 pens, with each pen having a floor space of 1.22 × 1.22 m 2 and a 4-hole, dry feeder with 53.4-cm trough space. Lindvall (1981) recommended a minimum of 0.17 m 2 per pig for maximum rate of BW gain in a 4-wk feeding period (8 to 20 kg). Lindemann et al. (1987) also showed that for 1.22 × 1.22 m 2 nursery pens, 45.6 cm of feeder space is adequate for pens containing 12 pigs or fewer pigs. Using these requirements, the maximum capacity of each pen was 8 pigs per pen (with the space occupied by the feeder considered). From the 273 pigs weaned, 220 (80.6%) and 53 (19.4%) were categorized as eaters and non-eaters, respectively. Because of the small number of non-eaters weaned, non-eaters were randomly allotted into pens with 5 to 6 pigs to maximize the number of replications. The non-eater treatment had 10 replications with 7 pens containing 5 pigs per pen and 3 pens containing 6 pigs. The 220 eaters were then randomly allotted to the rest of the available pens with 5 to 7 pigs per pen. The eater treatment had 33 replications with 25, 5, and 3 pens containing 7, 6, and 5 pigs per pen, respectively. Replicates for both treatments have fewer pigs than the maximum capacity of pigs for each pen. Pigs of each category from the same creep feeding duration were placed in the same pens. The duration effect was not analyzed because there were not enough replications of the non-eaters to test interactive effects.
Pigs were fed a commercial segregated early weaning diet (Key Feeds, Clay Center, KS; 3,508 kcal of ME/kg, 1.55% standardized ileal digestible Lys) for the first 3 d followed by a commercial transition diet (Key Feeds; 3,472 kcal of ME/kg, 1.50% standardized ileal digestible Lys) for 7 d. Pigs were then fed a standard phase-2 diet (3,415 kcal of ME/kg, 1.30% standardized ileal digestible Lys) until d 28 postweaning (DeRouchey et al., 2007) . The segregated early weaning and transition diets were in pellet form (2-mm pellets), whereas the phase-2 diet was in meal form. Water was available at all times. Pigs and feeders were weighed on d 3, 7, 14, 21, and 28 after weaning to calculate ADG, ADFI, and G:F.
Statistical Analyses
Data were analyzed as a randomized complete block design by using PROC MIXED (SAS Inst. Inc., Cary, NC) with sow or litter as the experimental unit. The model included creep feeding duration as the fixed effect and block as the random effect. The effect of various creep feeding durations on the proportion of eaters and non-eaters was analyzed by using the χ 2 test in SAS. Postweaning data were analyzed as a completely randomized design by using PROC GLM of SAS with pen as the experimental unit. The homogeneity of variances was tested using the HOVTEST option of SAS due to the unequal number of replications (33 and 10 replicates for eaters and non-eaters, respectively). Results showed equal (P > 0.12) variances for all of the response variables measured. Least squares means were evaluated by using the preplanned pairwise contrasts (PDIFF option of SAS). Statistical significance and tendencies were set at P ≤ 0.05 and P < 0.10 for all statistical tests.
RESULTS AND DISCUSSION

Exp. 1
Sows had an average parity of 2.1 ± 0.2 and lactation length of 19.9 ± 0.3 d ( Table 2) . Duration of creep feeding had no effect on total (P > 0.76) or daily feed intake (P > 0.53) of sows during lactation. Likewise, there were no differences in postfarrowing BW (P > 0.98), weaning weight (P > 0.74), and lactation BW loss (P > 0.67) among treatments. Litter size at weaning (P > 0.98) and mortality from d 2 to weaning (P > 0.93) were also similar across the treatments.
Though there have been claims of potential benefits of creep feeding on lactating sow performance (Close and Cole, 2000; Van Enckevort, 2001 ), research to substantiate this claim has been limiting. Creep feeding was thought to improve energy economy in lactating sows by providing piglets an alternative to sow milk, especially those with large litters (Pajor et al., 2002) , which may have subsequent effects in reducing lactation BW loss. However, this effect was not observed in this study. In our earlier work, sow BW and backfat loss in sows with restricted feed intake and ad libitum feed intake were also unaffected by creep feeding (Sulabo et al., 2008a) . Close and Cole (2000) calculated that each kilogram of lactation BW loss contributes about 2.87 Mcal of ME to the energy economy of the sow. In the current study, litters consumed 2.60, 2.37, and 1.22 Mcal of ME from creep feed for 13, 6, and 2 d, respectively. Therefore, creep feeding provided energy equivalent to only 0.91, 0.83, and 0.43 kg of sow BW loss for the entire 20-d lactation, which may be too small to significantly affect sow performance. Creep feed consumption may be greater for longer durations and weaning ages older than 21 d (Aumaître and Salmon-Legagneur, 1961; Aherne et al., 1982) , but their effects on lactating sow performance has yet to be investigated.
Overall, differences in litter weaning weights (P > 0.80), total BW gain (P > 0.50), and ADG (P > 0.52) among litters fed creep for different durations were not significant (Table 3) . For individual pigs, differences in weaning weight (P > 0.61), total BW gain (P > 0.38), and ADG (P > 0.38) among creep-fed litters for different durations were also not significant (Table 4) . From d 8 to 14, litters offered creep feed for 13 d had a total intake of 163 g (Figure 1 ). From d 15 to 20, litters fed creep for 6 d had greater (P < 0.02) total creep intake than litters fed creep for 13 d. From d 19 to 20, litters provided with creep feed for 6 and 2 d also tended (P < 0.09) to have greater total creep intake than litters fed creep for 13 d. Overall, total creep feed intake of litters fed for 13 and 6 d was greater (P < 0.0001) than that for litters provided creep feed for only 2 d ( Figure  1 ). There were no differences (P > 0.69) in total creep intake between pigs fed for 13 and 6 d. These results suggest that creep feeding for 2 to 13 d did not improve weaning weights and BW gains of pigs or litters. Sulabo et al. (2008a) provided the same creep diet for 18 d but also failed to see any benefits on both litter and pig growth performance. This indicates that the total amount of creep feed consumed by litters in both studies (350 to 1,034 g/litter) was insufficient to generate any differences in growth performance. In contrast, Klindt (2003) showed that creep feeding from 5 d of age resulted in greater preweaning ADG and d 17 weaning weights in large litters (>8 pigs per litter) than creep feeding from 2 d before weaning. However, creep feed intake was not recorded in this study and that the author speculated that the observed difference in preweaning growth rates was explained by greater creep feed consumption.
In earlier studies where litters were weaned at least 35 d of age, the positive effect of creep feeding on weaning weights was generally consistent (Aumaître and Salmon-Legagneur, 1961; Friend et al., 1970; Aherne et al., 1982) . However, results were more equivocal when pigs were weaned at a younger age, with some studies showing positive effects on preweaning BW or weaning weights (English et al., 1980; Pajor et al., 1991; Appleby et al., 1992; Fraser et al., 1994; Lawlor et al., 2002; Wattanakul et al., 2005) , with others showing no effects (Bruininx et al., 2002; Kim et al., 2005; Callesen et al., 2007b; Sulabo et al., 2008a,b) . These differences in preweaning response to creep feeding may be relat- 1 Two groups of sows (total = 54, PIC Line 1050, Hendersonville, TN) were blocked according to day of farrowing and parity and allotted to 3 treatments (13-, 6-, and 2-d creep feeding durations).
2 Creep feed with 1.0% chromium oxide was offered for ad libitum intake from d 7, 14, and 18 to weaning (20 d).
3 For the 2-d treatment, 2 sows were lost during the experiment. ed to several factors (e.g., creep diet complexity, type of creep feeder); however, preweaning feed intake may largely explain this variation in responses. In a review, Pluske et al. (1995) calculated that the contribution of creep feed to daily energy intake before weaning at 21 to 35 d of age ranged from 1.2 to 17.4%. Pajor et al. Two groups of sows (total = 54, PIC Line 1050, Hendersonville, TN) were blocked according to day of farrowing and parity and allotted to 3 treatments (13-, 6-, and 2-d creep feeding durations). Two groups of sows (total = 54, PIC Line 1050, Hendersonville, TN) were blocked according to day of farrowing and parity and allotted to 3 treatments (13-, 6-, and 2-d creep feeding durations).
2
Creep feed with 1.0% chromium oxide was offered for ad libitum intake from d 7, 14, and 18 to weaning (d 20).
(1991) also suggested that creep feed intake is influenced by digestive maturity and nutritional demand, which are both related to weaning age. Callesen et al. (2007a) observed that pigs weaned at 33 d of age consumed between 137 to 266% more creep feed than pigs weaned at 27 d of age. Therefore, the growth response to creep feeding before weaning may be dependent on the level of creep feed consumption or weaning age.
The current study also demonstrate that initiating creep feeding at a later age does not detrimentally affect creep feed intake. Older piglets readily accepted creep feed and consumed the same or more feed than piglets started on creep feed at an earlier age. Numerous studies have shown that 60 to 80% of the total creep feed intake is consumed in the last week before weaning regardless if pigs are weaned at 3 wk (Sulabo et al., 2008a) or 4 wk of age (Fraser et al., 1994; Bruininx et al., 2002; Pluske et al., 2007) . Therefore, individual creep feed consumption was more related to maturity of the piglets rather than the age of induction of creep feeding.
Duration of creep feeding influenced (P < 0.03) the proportion of eaters in creep-fed litters (Figure 2 ). Litters provided with creep feed for 13 d produced 10% more (P < 0.03) eaters than litters fed creep for 6 and 2 d. There were no differences (P > 0.98) in the percentage of eaters between litters fed creep for 6 and 2 d. The greater rate of eaters in litters fed creep for 13 d suggests that the longer availability of creep feed helps stimulate more piglets to consume creep feed and improves the average creep consumption of piglets categorized as eaters. However, a 10% difference in eaters also indicates that the additional 7 to 11 d of creep feeding generated only 1 more eater per litter (for a litter of at least 10 piglets). In addition, the relatively large rate (71%) of eaters created even for the litters creep fed for only 2 d supports the earlier assumption that older pigs more readily accepted and consumed significant amounts of creep feed than younger pigs. Therefore, if the purpose of creep feeding was only to create eaters, then providing creep feed for as short as 2 d before weaning is practical and economical.
Exp. 2
At the start of the nursery experiment (d 0), pigs categorized as non-eaters were heavier (P < 0.004) than eaters ( Table 5 ). The difference in BW was a characteristic of the population, as all the pigs weaned in the farrowing group were penned and used in this study. From a total of 273 pigs weaned, 220 (80.6%) were eaters, whereas 53 (19.4%) were non-eaters. The average weaning weight was 5.67 kg (SD = 1.18), where 15, 66, and 19% of the pigs were in the bottom (<4.49 kg), middle (4.50 to 6.84 kg), and top (>6.85 kg) BW categories. Though not significant (P = 0.13; data not shown), the proportion of eaters increased (76, 80, and 88%) as the BW category decreased, which explains the lighter BW of the eaters at weaning.
At d 3 postweaning, there were no (P = 0.21) differences in pig BW between eaters and non-eaters. Eaters had 28.6% greater ADG (P = 0.01) than non-eaters, which was driven mainly by 18.2% greater ADFI (P = 0.05) in the first 3 d after weaning. The same effect was observed from d 0 to 7 postweaning, where eaters had greater ADFI (P = 0.03) and tended to have greater ADG (P = 0.06) than non-eaters. There were no differences (P > 0.17) in G:F between the 2 groups of pigs in both periods. From d 0 to 14, eaters tended to have greater ADFI (P = 0.09) than non-eaters but did not affect (P = 0.27) ADG. No (P > 0.57) differences were observed in both ADG and ADFI of eaters and noneaters from d 0 to 21 and d 0 to 28. There were no (P > 0.31) differences in G:F of eaters and non-eaters from d 0 to 14, d 0 to 21, and d 0 to 28. In previous studies, Bruininx et al. (2002) and Kuller et al. (2007) found differences in growth rates and BW between eaters and non-eaters until 5 and 8 wk postweaning, respectively. The current study only observed differences in ADG of eaters and non-eaters until d 7 after weaning; however, all these studies agree that eaters responded better than non-eaters during the most critical period postweaning. No long-term effects were observed in ADFI and ADG between eaters and non-eaters until the finishing period (Kuller et al., 2007) .
The greater ADFI and ADG of eaters indicate that stocking density (i.e., differences in number of pigs per pen with floor space constant) was not a factor in this study, considering that 90 and 30% of the eater and non-eater replicates had at least 6 pigs per pen. Kornegay and Notter (1984) and Lindemann et al. (1987) demonstrated that reduction in ADFI is the principal means by which daily BW gains are altered when stocking density is increased. The results suggest that pigs in the current study were provided sufficient floor and feeder space without affecting growth performance.
One of the major justifications of creep feeding is its potential effects in improving adaptation to weaning and postweaning performance (Pluske et al., 1995) .
Highly digestible and palatable creep diets are offered during lactation not only to improve weaning weights, but to ease the transition from milk during the suckling period to solid feed after weaning. Creep feed consumption is also thought to help initiate and promote gut and digestive enzyme development that may help pigs to utilize alternative food sources once milk is removed (de Passille et al., 1989; Nabuurs et al., 1993) . These physiological factors including familiarity with solid food is speculated to stimulate postweaning feed intake, which may help maintain villus integrity and digestive function (Kelly et al., 1990; Pluske and Williams, 1996) and reduce occurrence of postweaning disorders (Carstensen et al., 2005) . Eventually, these benefits may lead to a reduction in the severity of postweaning growth lag and potential improvements in overall nursery performance.
Most the early studies that evaluated creep feeding used whole-litter values in determining creep feed consumption, where average intake was estimated by dividing the total creep feed disappearance by the number of piglets in the litter (Pajor et al., 1991; Fraser Non-eater = pigs whose fecal samples were negative for chromium oxide-containing creep feed; eater = creep-fed pigs whose fecal samples were positive for chromium oxide-containing creep feed.
3
The non-eater treatment had 10 replications with 7 pens containing 5 pigs per pen and 3 pens containing 6 pigs. The eater treatment had 33 replications with 25, 5, and 3 pens containing 7, 6, and 5 pigs per pen, respectively. et al., 1994; Pluske et al., 2007) . This relies on the assumption that all piglets in a litter consume exactly the same amount of feed. However, recent studies have demonstrated that only a certain proportion of pigs consume creep feed even when it is very accessible (Barnett et al., 1989; Bruininx et al., 2002) or offered for longer durations (e.g., current study). To further investigate postweaning effects of creep feed intake, it seems necessary to know whether individual pigs actually consumed creep feed during lactation. Therefore, determining individual consumption characteristics of creep fed pigs is important to obtain the true response attributable to creep feed consumption. Bruininx et al. (2002) provided the first evidence that eaters of creep feed in lactation grew faster in the first 8 d after weaning and until 62 d of age compared with non-eaters and piglets not offered any creep feed in lactation. Recent studies, including the current study, support these results (Kuller et al., 2004 (Kuller et al., , 2007 Callesen et al., 2007a,b; Pluske et al., 2007; Sulabo et al., 2008a) . The difference in initial growth rates between eaters and non-eaters is mainly explained by greater postweaning feed intake, which has been fairly consistent (Fraser et al., 1994; Delumeau and Meunier-Salaun, 1995; Bruininx et al., 2002; Carstensen et al., 2005) . Bruininx et al. (2001) found that about 50% of piglets designated as eaters during the suckling period started eating within 4 h after weaning, whereas non-eaters and non-creep-fed piglets needed about 6.7 and 6.9 h, respectively. Bruininx et al. (2001) also showed that eaters had more visits to the feeder associated with eating feed and concomitantly had a greater rate of feed intake. In the current study, eaters had greater ADG and ADFI than non-eaters in the first 7 d postweaning despite the fact that eaters were generally smaller at weaning. This may suggest that positive consumption of creep feed before weaning helped pigs to focus more on consuming feed and less on exploratory behavior immediately postweaning regardless of BW.
Longer durations of creep feeding increased the proportion of eaters in whole litters, but did not affect preweaning pig performance. Providing creep feed for longer durations should be evaluated on the basis of practicality and the economic benefits of improved postweaning performance of piglets that consume creep feed. Piglets categorized as eaters had greater postweaning daily feed intake than non-eaters, which resulted in improvements in initial postweaning growth rates.
